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Abstract 
 
Amine absorption technology, in particular that based on the Monoethanolamine (MEA) process, is 
considered to be viable for low pressure flue gas CO2 capture because of the MEA-CO2 fast reaction 
rate. MEA absorption processes are associated with high capital and operating cost because a 
significant amount of energy is required for solvent regeneration and severe operating problems are 
present such as corrosion and solvent loss and degradation. The overall objective of this study is to 
evaluate the feasibility of obtaining the heat required for amine absorption for a particular recovery 
of carbon dioxide. Comparisons among cases were performed to determine the best operating 
conditions for CO2 capture. An analysis of the lean load and recovery percentage were carried out as 
well as the different absorber and stripper combinations by using the chemical process simulator 
and focus a Central Electric in Mexico. 
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NOMECLATURE 
 
Symbol Process data Unit Symbol Process data Unit 
c Exponent in equation 4  Z Column height m 
g Gravity contant  PdryPirr Dry and irrigated pressure drop Pa/m 
ho Liquid hold up in the load point m3/m3  Porosity m3/m3 
L, G Liquid and gas flow kg/h L, G Density of the liquid and gas flow kg/ m
3 
c⃝ 2011 Published by Elsevier Ltd.
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1. Introduction 
 
Carbon dioxide capture from flue gas using amine-based CO2 capture technology requires huge 
amounts of energy mostly in the form of heat. The overall objective of this study is to evaluate the 
feasibility of obtaining the heat required for amine absorption for a particular recovery of carbon 
dioxide for a given a set of equipment specifications and operating conditions from the process and 
to develop a model that simulates the removal of CO2 using Monoethanolamine (MEA) absorption 
from flue gas and design a process that will minimize the energy of CO2 capture with Aspen Plus™ 
will be used. 
 
Requirement such as immediate availability at any time, careful use of sources, security of 
supply and low price of electricity are still valid. Renewable energies can contribute to a low 
hydrocarbon power generation, but the lack of ready availability, limited capacities and rate of 
growth as well as high prices have to be considered. Nuclear power generation also has advantages 
regarding CO2 emissions, but face other challenges [1]. 
 
The long lasting resources of fossil fuels and the worldwide still increasing use of this primary 
energy source suggest that fuels will continue to play an important role for the world energy supply 
for decades. To comply with global emission reduction targets, the development of carbon capture 
and storage technologies is obligatory and represents a no regret option, independent from role of 
fossil fuels in industrialized economies [1]. 
 
The main important areas to be considered in novel technologies are: a) Thermodynamic 
(solvents for reduced energy), b) CO2 kinetics: Solvents for increased rates, c) Energy integration, 
d) Amine makeup (degradation, corrosion), d) Contactor innovations [2]. 
 
 
2. CO2 Capture Process Description 
 
The sheet of the conventional version of the CO2 removal process is shown in Figure 1, CO2 is 
removed from the combustion gases by solution of MEA in water. The gas mixture to be purified 
enters the bottom of absorber. The MEA is regenerated by using heat in regenerator to strip the CO2 
out. The cooled regenerated MEA solution enters the top of the absorber. The saturated MEA 
absorbent removed from the absorber bottom is preheated in heat exchanger by the regenerated 
MEA absorbent leaving the bottom of desorber [3]. 
 
A continuous scrubbing system is used to separate CO2 from the flue gas stream. As illustrated 
in Figure 1, the system consists of two main elements: an absorber where CO2 is removed, and 
regeneration (stripper or desorber), where CO2 is released (in concentrated form) and the original 
solvent is recovered. The fundamental underlying principle is exothermic, reversible reaction 
between a week acid (e.g., CO2) and a weak base (e.g., MEA) to form a soluble salt. The inlet gas is 
contacted counter-currently with “lean” solvent in the absorber. The acid gases are preferentially 
absorbed by the solution. The solution, “enriched” with CO2, is pre-heated before entering the 
stripper where, though the addition of heat, the reaction is reversed. From the bottom of the column, 
the “lean” solvent exchanges heat with the “rich” solvent entering the column and are recycled back 
to the absorber. From the top, a high purity (dry basis) CO2 is produced. Table 1 shows the 
description of each parameter on Figure 1, as well as its temperature and flow values. The pressure 
remains constant at 1 bar through the CO2 capture and MEA regeneration. Heat exchanger 1 cools 
stream L1 before it goes to scrubber 1, heat exchanger 2 warms L7 stream before it goes to the 
stripper, heat exchanger 2 cools L12 leaving stripper, mixer mixes L6 and L14 in order to consider the 
losses from evaporation, scrubber 1 reduces the temperature of G1 stream and scrubber 2 and 3 
retain MEA from evaporation. 
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The performance of MEA based CO2 capture of any process, a key feature of amine system is 
the large amount of heat required to regenerate the solvent. This heat is typically drawn from the 
steam cycle and significantly reduces the net efficiency of the power plant. Substantial electrical 
energy also is needed to compress the captured CO2 for pipeline transport to a storage site. The 
overall energy penalty of this process has a major impact on system performance as well as cost. 
 
From a multi-pollutant perspective, there are also important interactions between the CO2 
capture system and the control of other air pollutants, especially SO2 and NOx emissions. Acid 
gases like SO2 and NO2 react with MEA to form heat-stable salts that reduce the CO2 absorption 
capacity of the solvent. Thus, very low concentrations of these gases (on the order of 10 parts per 
million) are desirable to avoid excessive loss of (costly) solvent [4], [5], [6]. 
 
 
 
Figure 1. CO2 Capture Process Flow diagram. 
 
 
Table 1. Temperature and flow 
characteristics of different streams 
Stream Descriptions T  ºC 
L1 scrubber 1 hot stream 49.25 
L2 scrubber 1 cold stream 35.00 
L3 scrubber 1 outlet stream 49.89 
L4 absorber inlet stream 35.00 
L5 scrubber 2 inlet stream 48.34 
L6 scrubber 6 outlet stream 48.84 
L7 absorber outlet stream 59.57 
L8 stripper inlet stream 48.02 
L9 stripper inlet stream 90.00 
L10 scrubber 3 inlet stream 35.00 
L11 stripper inlet stream 92.89 
L12 stripper outlet hot stream 102.32
L13 stripper outlet cold stream 35.00 
L14 mixer inlet stream 30.00 
G1 contaminated stream  130.00
G2 absorber inlet stream 62.42 
G3 absorber outlet stream 49.92 
G4 CO2 free stream 48.80 
G5 stripper outlet stream 96.83 
G6 CO2 rich stream 92.20  
3. Flue Gas Analysis for Process Simulation 
 
The Aspen Plus™ [7] program requires the input data of the flue gas stream which are 
temperature, pressure, flow rate, and flue gas composition. To simulate the MEA-based CO2 
absorption process flue gas data from the process [4]. 
 
The model presented here included both temperature and concentrations of multicomponent 
system in the computation of entropy changes, and the temperature and flow characteristics of 
different streams are shown in Table 1. The system is fed by a gas flue flow at 64.4ºC. 
 
The elementary steps for the reaction can be represented by the following equilibrium 
reactions: 
 
2RNH2 + CO2 + H2O = (RNH3)2CO3 (1)
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(RNH3)2CO3 + CO2 + H2O = 2RNH3+-HCO3   (2)
Direct reaction:    
2RNH2 + CO2 = RNHCOO-+NH3R, H=22 kcal/gmol, fast (3)
 
 
4. Results 
 
Three structured packing material were proved in this work¸ ININ (home structured packing 
and abbreviation in Spanish of Instituto Nacional de Investigaciones Nucleares) and Sulzer BX and 
Mellapak 250Y of Sulzer Brothers Ltd.  
 
By means of Stichlmair model [8] as a general model in order to predict pressure drop and 
flooding in packed columns in which gas and liquid flow countercurrent. A single mathematical 
expressions is used to describe all flow regimes: dry gas, irrigated gas flow below the load point, 
loading region, and flooding by Equations 4 and 5, the hydrodynamic loading regions were 
determined between hydrodynamic pre-loading regions (lower than 60% of Gop/Gflooding) and near 
the flooding region (upper than 80% of Gop/Gflooding). Figure 2 shows % Gop versus the ratio of 
liquid mass flow over gas mass flow. At 3.4 value of L/G, the ININ operated at almost on flooding 
(at 99%), Sulzer BX at hydrodynamic loading region (at 79%) and Mellapak 250Y at hydrodynamic 
pre-loading region (at 50%). All contactors are made of stainless steel 360L and these results 
depend on their geometric characteristics, material made, and hydrodynamic behavior. The best one 
could be the ININ structured packing but it has a risk due to fall in flooding point. As a conservative 
hydrodynamic behavior, Sulzer BX could be the best one. 
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Figure 2. Hydrodynamic behavior regions 
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On the bases of one electric generation unit of power plant in Mexico, Tula thermoelectric, in 
Hidalgo State of Mexico, it produces 1200T/h at 11% CO2 [9]. The diameter of the column in order 
to absorb CO2 by means MEA aqueous solution at 30% weight, as a hydrodynamic loading region 
is over 1m. Table 2 shows data of Tula thermoelectric power plant.  
 
Table 2. Tula thermoelectric power plant, Hidalgo State, Mexico. 
Generation/ unit 
Feeding flow absorption column  1200 T/h at 11% CO2 
Leaving flow absorption column  1198.12 T/h at 0.4048% CO2 
Absorption column efficiency  96.32% 
CO2 capture process obtained  4.85 T/h 
Re-boiler energy 7.395 MW 
Re-boiler energy/electric generation unit  0.37% 
 
Figure 3 shows the total feed flow (liquid mass plus gas mass flows) in order to determine 
requirements of re-boiler energy, diameters of the column and rich and lean load of leaving liquid 
flow at absorption and desorption columns at different sizes of power plants. 
 
The CO2 molar gas fraction YCO2 with respect to the CO2 molar liquid fraction XCO2 at the 
absorber is presented in Figure 4. The absorption operation line is located above the equilibrium one 
when gas is absorbed by the liquid, and the opposite occurs in the stripper when gas is desorbed by 
the liquid, as predicted as absorption and desorption theory [3]. The feeding (G1) and leaving (G4), 
CO2 absorption column concentrations are 0.09265 and 0.00336, respectively. The CO2 capture 
percentage is 96% and the purity percent (G6) in the regeneration column is 98% with YCO2 = 
0.9391. 
 
 
Figure 3. Re-boiler energy, diameter of the column. 
 
Figure 5 presents the absorption percentage with respect to the mass flow stream L4. The 
absorption percentage is rather insensible upon the number of stages.  The absorption percentage 
increases from 60% to roughly 95% as L4 goes from 200 to 360 kg/h.  Then it remains 
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approximately constant up to 500 kg/h.  The maximum absorption of about 98% occurs at the 
number of stages of 10 at which L4 is 360 kg/h. 
 
The enriched load in L7 is depicted in Figure 6 as a function of the lean load in L4.  In here, the 
enriched load is also rather insensible upon the number of stages.  The maximum enriched load in 
L7 is 0.46 mol CO2/mol MEA with a lean load of 0.26 mol CO2/mol MEA in L4. 
 
Figure 7 shows the T and YCO2 values at stripper with respect to the number of stages.  The 
temperature decreases while YCO2 increases with the number of stages.  The pressure goes from 1 
to 1.5 bars.  Greater pressure produces higher CO2 captures. If the operation pressure increases, less 
energy is required for CO2 removal in the stripper.  For example, for 50% CO2 removal, it requires 
50kW and 100 kW for 1.5 and 1 bars, respectively. It is then not economically justified to operate at 
1.5 bars unless it is desired to reduce the heat load provision in the re-boiler. 
 
  
Figure 4. Equilibrium and operation lines of 
absorption and stripper columns 
Figure 5.  CO2 absorption percentage profile 
with respect to lean load L4. 
 
Figure 6. The rich load L7 with respect to lean 
load L4 at different design stages. 
 
Figure 7. Temperature and CO2 concentration 
profiles at the stripper with respect to the 
number of mass transfer stages. 
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5. Conclusions 
 
The goal of the process designer is to expend this thermodynamic availability wisely while 
achieving the technology goals of the process.  
 
In this work we have evaluated a model that simulates CO2 removal with MEA absorption 
from flue gas by using the chemical processes simulator, and the plant heat required for CO2 
recovery using amine absorption for a given set of equipment specifications and operating 
conditions.  
 
The main conclusions are: 
 The absorption column should be operated with a lean load of 0.26 mol CO2/mol MEA in 
L4 in order to have high absorption percentage and the maximum enriched load of 0.46 mol 
CO2/mol MEA in L7. 
 It is then not economically justified to operate at 1.5 bars unless it is desired to reduce the 
heat load provision in the boiler. At 39% CO2 removal and 1 bar. 
 The simulation model developed for CO2 removal with MEA absorption can be used with 
other internals (Mellapak 250Y), as the one developed at the ININ, and with new solvents 
with known characteristics. 
 The overall energy penalty is 0.371% from power plant of Tula, Hidalgo. 
 The most meaningful method of validation is to compare the predicted parameters against 
those measured under test conditions. 
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